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r e z i u m e
saSualo da maRaldawnevian hesebis proeqtirebis dros
mniSvnelovania xeobis ferdis siaxloves gamavali gvirabis
trasis SerCeva. sakiTxis sworad gadawyveta moiTxovs fuZis
geologiuri monacemebis gaTvaliswinebiT miRweuli iqnas:
 misaRebi filtraciuli reJimi masivSi (romlis dros
depresiis zedapiri ar unda aRwevdes ferdamde, xolo
filtraciuli nakadis parametrebi, maT Soris dawnevis
gradientebi da siCqareebi unda iyos dasaSvebi, raTa
uzrunvelyofili iqnas masivis filtraciuli simtkice).
 gvirabisa da ferdis mdgradoba, romlis dros xeobis
zedapiridan mokeTebamde  manZili iqneba minimaluri.
gasaTvaliswinebelia, rom fuZeebis umetesoba xasiaTdeba
anizotropiiT, SreobriobiTa da bzarianobiT, romelTa
ganlageba qmnis Zvris potenciurad saSiS zedapirs. masivSi
ganviTarebuli filtraciuli nakadi erTis mxriv warmoSobs
filtraciul moculobiT (Semativtivebel da hidrodinamiur)
Zalebs, meores mxriv - dacurebis zedapirebze (bzarTa
Semavseblebze) acirebs Zvris parametrebs. aRniSnuli
faqtorebis gavlena mimarTulia mdgradobis maragebis
Semcirebisaken.
mecnieruli siaxle. or ganzomilebiani amocanis farglebSi
damuSavebuli iqna kvlevis meTodika sasazRvro da sasruli
elementebis meTodis erToblivi gamoyenebiT, romelic saSualebas
iZleva Sefasebuli iqnas:
- gvirabis mokeTebisa da garemomcveli masivis erToblivi
muSaoba arabzarmedegi mokeTebis mqone sadawneo gvirabebis
arsebobisas, geologiuri da filtraciuli moculobiTi
Zalebis gaTvaliswinebiT;
- dasabuTebuli iqna xeobis ferdis siaxloes gamavali
gvirabis trasis - dasaSvebi minimaluri manZili;
- cementaciuri zonis gavlena gvirabis garemomcvel masivSi
filtraciuli nakadis parametrebze (maT Soris, depresiis
zedapiris gavrcelebis dasaSveb areზე) bzarebis gaxsnis
sidideზე და raodenobaზე, xeobis ferdis mdgradobaze;
- energo-ekonomiuradD misaRebi filtraciuli danakargebi.
naSromis praqtikuli ERirebuleba.
kvlevis meTodika, da gaanagariSebis Sedegebi SesaZlebelia
gamoyenebuli iqnas arabzarmedegi mokeTebis mqone sadawneo (aseve
udawneo) gvirabebis proeqtirebisas da reabilitaciis dros:
 gvirabis trasis dasabuTebisaTvis, rodesac gvirabiს RerZi
gadis xeobis ferdis siaxloვes;
 gvirabis mokeTebis garemomcveli cementaciur faradis
parametrebis (siRrme, xvedriTi wyalSTanmTqmelobis
Vkoeficienti) sworad gansazRvrisaTvis, romlis dros
miRweuli iqneba:
 filtraciuli nakadis gavrcelebis dasaSvebi are masivSi;
 gvirabi - mosaxvisa  da xeobis ferdis mdgradoba
geologiuri aRnagobis (maT Soris Sreobrioba da
bzarianoba);
engurhesis sadawneo gvirabis araarmirebuli mokeTeba
gamagrebiTi cementacia, rogorc filtraciis sawinaaRmdego
ZiriTad saSualebis efeqturobas gansazRvravs ZiriTadi masivisa
da cementaciuri zonis filtraciis koeficientTa fardoba:
 rodesac 20 : 10m g zK K    , am dros depresiis zedapiri
mTlianad TavsTeba cementaciuri zonis farglebSi
(saproeqto gadawyveta).
 cementaciuri zonis dabali xarisxis arsebobis pirobebSi
(an sufoziuri procesis arsebobisas), rodesac 8m gzK K 
da masala nawilobriv imeorebs masivis anizotropias,
depresiis zedapiri ukve gadis cementaciuri zonidan;
 2,5m gzK K  warmoadgens depresiis zedapiiris kritikul
mniSvnelobas  (gvirabis RerZidan mniSvnelovnad Sordeba da
iwyeba xeobis ferdis dasveleba), romlisTvisac jer ar
miuRwevia.
amdenad, SegviZlia vivaraudod, rom  gamagrebiTi cementaciuri
zonis arsebuli mdgomareobisaTvis ufro realistutia
4m gzK K  .
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Operation of pressure Tunnels in heterogeneous
geological mass
It is important to select the pressure  tunnel route during designing medium and high-
pressure hydro power plant in the vicinity of the slope of the valley. The correct solution
requires considering the basis of geological data to be achieved:
• Admission seepage mode in the massif  (which is not to be reached during the depression
in the surface of the slope) and the seepage flow parameters, including pressure gradients
and velocities should be allowed to ensure massive seepage  resistance).
• tunnel and slope stability, during which the  distance from the lining to a slope surface
would be the minimum;
It should be noted that the bases are characterized by anisotropy, and cracking whose
layout creates a potentially dangerous shear surface. Seepage flow creates the body   (uplift
and hydrodynamic) forces, on the one hand,  and decreasing shear parameters of  the slope
surfaces (crack filler ) on the other hand. These factors influence on the stability are aimed
at reduction.
The scientific novelty. The two-dimensional problem of research methodology has been
developed within the framework of the joint using boundary element and the finite element
methods, which allows for assessment to be:
- Pervious pressure  tunnel lining and the surrounding massif joint operation  with existence
of geological conditions and seepage body  forces;
- justification  the tunnel route  the minimum allowable distance  in the vicinity of the slope of
the valley;
- influence of the grouting  zone on the  tunnel surrounding massive seepage  flow parameters
(including the depression curve of the admissible   area, cracks  parameters) and slope
stability;
- Energy - economically acceptable seepage losses.
The practical value of the work.
Research methodology, and results can be used for design and rehabilitation  of pervious
pressure   (also for unpressured)  tunnels:
• Study the route of the tunnel, when the tunnel axis runs through the valley in the vicinity of
the slope;
•  tunnel lining surrounding grouting zone  parameters (depth, density ratio permeability )
correctly identify which can be reached at:
• the allowable spread of flow seepage area of the mass;
• tunnel – lining  and slope stability ;
• Energy - economically acceptable filtration D losses.
Engurhesi  tunnel lining  not reinforced, the reinforcing grouting  as a maine seepage
resistance solution   efficiency is determined by the ratio of massive and  grouting zone
permeability coefficients (K_ m / (K_ Way)),
• within the range of 20 : 10m g zK K    depression surface remains in the limits
of  grouting zone;
• at the low quality of grouting zone (or in the presence of erosive leakage process),
when 8m g zK K  and  material partially repeats the anisotropy of massif,
depression surface already escapes grouting zone;
• 2,5m g zK K  is a critical value of depression surface (moves away significantly
from the axis of tunnel and the wetting begins of the gorge slope), which it has not
reached   yet.
Therefore we may assume that more realistic for the present condition of strengthening
grouting zone is 4m gzK K  .
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S e s a v a l i
Pproblemis aqtualoba.
samTo pirobebSi hidroenergetikuli da hidromelioraciuli
dargis ganviTareba mWidrodaa dakavSirebuli gvirabebis
mSeneblobasTan, rasac mniSvnelovnad uwyobs xels Teoriuli
meTodebis damuSaveba da srulyofa, aseve mSeneblobis
teqnologiis Tanamedrove done, maT Soris  maRali warmadobis
gvirab gamyvani manqanis praqtikaSi danergva. amJamad,
saqarTveloSi hidroenergetikili resursebis mxolod mcire
nawilia aTvisebuli. aRniSnuli zrdis dargis aqtualobas da did
perspeqtivebs saxavs.
kldovani masivis pirobebSi sadawneo derivaciuli gvirabebis
umetesoba, ekonimikuri Sefasebebis gaTvaliswinebiT, proeqtirdeba
rogorc arabzarmedegi. Hhidrostatikuri wnevis moqmedebis
Sedegad adgili aqvs gvirabis mosaxvaSi arsebuli nakerebisa da
bzarebis gaxsnas, saidanac masivSi viTardeba filtracia.
Ggvirabis garemomcveli masivis geologiuri aRnagoba
(araerTgvarovneba, anizotropia, rRvevebi, bzarebi da sxva)
Sesabamisad mniSvnelovan gavlenas axdens gvirabis garemomcveli
masivis filtraciul reJimze, rac aisaxeba “mokTeba – masivi”
sistemis daZabul mdgomareobaze.
saSualo da maRaldawnevian hesebis proeqtirebis dros
mniSvnelovania xeobis ferdis siaxloves gamavali gvirabis
trasis SerCeva. sakiTxis sworad gadawyveta moiTxovs fuZis
geologiuri monacemebis gaTvaliswinebiT miRweuli iqnas:
 misaRebi filtraciuli reJimi masivSi (romlis dros
depresiis zedapiri ar unda aRwevdes ferdamde, xolo
filtraciuli nakadis parametrebi, maT Soris dawnevis
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gradientebi da siCqareebi unda iyos dasaSvebi, raTa
uzrunvelyofili iqnas masivis filtraciuli simtkice).
 gvirabisa da ferdis mdgradoba, romlis dros xeobis
zedapiridan mokeTebamde  manZili iqneba minimaluri.
gasaTvaliswinebelia, rom fuZeebis umetesoba xasiaTdeba
anizotropiiT, SreobriobiTa da bzarianobiT, romelTa ganlageba
qmnis Zvris potenciurad saSiS zedapirs. masivSi ganviTarebuli
filtraciuli nakadi erTis mxriv warmoSobs filtraciul
moculobiT (Semativtivebel da hidrodinamiur) Zalebs, meores
mxriv - dacurebis zedapirebze (bzarTa Semavseblebze) acirebs
Zvris parametrebs. aRniSnuli faqtorebis gavlena mimarTulia
mdgradobis maragebis Semcirebisaken.
filtraciuli danakargebi normebiT ar unda aRematebodes
gvirabis saangariSo xarjis 1%, rac umetes SemTxvevaSi
darRveulia. filtraciis ganviTarebisas SesaZlebelia Tavi
iCinos dawnevis gradientebis, siCqareebisa da xarjebis zrdam,
rac ZiriTadad aisaxeba:
- masivSi sufoziuri movlenebis ganviTarebaze;
- qanebis deformaciis modulis, simtkicis, Zvris maxasiaTeblebisa
da Sesabamisad - gvirabis mosaxvis zidvis unarianobis
Semcirebaze;
- hesis energetikul parametrebis gauaresebaze.
aRsaniSnavia, rom amJamad eqspluataciaSi myofi  obieqtebis
umetesoba xasiaTdeba gazrdili bzarianobiT da Tanamdevi
filtraciuli danakargebiT, rac Sesabamisad moiTxovs
reabilitacias.
zemoTxsenebuli proბlemebi dgas, rogorc proeqtirebis ase
eqspluataciaSi myofi gvirabebis winaSe. maT gadawyvetaSi didi
mniSvneloba eniWeba gvirabis garemomcveli cementaciuri zonas,
romlis parametrebis (siRrme, xvedriTi wyalSTanmTqmelobis
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koeficienti) sworad gansazRvris SemTxvevaSi SesaZlebelia
miRweuli iqnas:
 filtraciuli nakadis gavrcelebis dasaSvebi are masivSi;
 energo-ekonomiuradD misaRebi filtraciuli danakargebi;
 gvirabis mosaxvis zidvis unarianoba - saangariSo
mniSvnelobiT;
 mdgradi ferdi.
warmodgenili adasturebs gvirabmSeneblobis winaSe mdgari
problemebis aqtualobas, rac moixovs gaangariSebis saTanado
meTodikis damuSavebasa  da Sesabamisi sainJinro kvlevebis
Catarebas.
kvlevis Tanamedrove doneze dasmuli sakiTxebis gadawyveta
klasikuri meTodebis gamoyenebiT awydeba cnobil maTematikur
siZneleebs. yovelive dRis wesrigSi ayenebs Tanamedrove ricxviTi
(sasruli da sasazRvro) meTodebis  gamoyenebis aucileblobas.
variantuli kvlevebis ricxviTi Sedegebis analizis safuZvelze
SesaZlebelia miRweuli iqnas gvirabis RerZis misaRebi
mdebareoba, agreTve mokeTebis garemomcveli cementaciur zonis
parametrebi, romlis dros dakmayofilebuli iqneba usafrToebis
pirobebi.
samuSaos mizania
Sefasebuli iqnas:
 saproeqto da saeqspluatacio periodebSi gvirabis mokeTebisa
da xeobis ferdis erToblivi  muSaoba masivSi ganviTarebuli
filtraciuli reJimis gaTvaliswinebiT, amasTan dakavSirebiT
ferdamde dasaSvebi minimaluri manZili, simtkicisa da
mdgradobis pirobebis mixedviT.
 cementaciuri zonis gavlena
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- gvirabis garemomcvel masivSi filtraciuli nakadis
parametrebze (maT Soris, depresiis zedapiris
gavrcelebis areze), agreTve, mokeTebaSi bzarebis
gaxsnis sidideze;
- xeobis ferdis mdgradobaze.
aRniSnuli sakiTxebi ganixileba gvirabis garemomcveli masivis
geologiuri stuqturis, maT Soris araerTgvarovnebis,
anizotropulobis da sxvadasxva saxis rRvevebis
gaTvaliswinebiT.
 miznis misaRwevad saWiroa damuSavebuli iqnas kvlevis
saTanado meTodika da saangariSo programa sasazRvro da
sasruli elementebis meTodebis gamoyenebiT, romelic
saSualebas mogvcems Catarebuli iqnas “mokeTeba -
garemomcveli masivi” erTiani sistemis gaangariSebebi fuZis
geologiuri aRnagobis, agreTve cementaciuri zonis gavleniT
masivSi ganviTarebuli filtraciuli reJimis Tanmxlebi
moculobiTi Zalebis gaTvaliswinebiT.
 aRniSnulis safuZvelze Catardes engurhesis derivaciuli
gvirabis gamokvleva zemoTxsenebuli faqtorebis
gaTvaliswinebiT.
kvlevis meTodika
kvlevis ZiriTad aparatad gamoyenebulia  statikisa da
filtraciis SekavSirebuli sqema. statikis amocanebSi gamoiyeneba
sasazRvro da sasruli elementebis meTodebi organzomilebiani
amocanis farglebSi.
mecnieruli siaxle
or ganzomilebiani amocanis farglebSi damuSavebuli iqna
kvlevis meTodika sasazRvro da sasruli elementebis meTodis
erToblivi gamoyenebiT, romelic saSualebas iZleva Sefasebuli
iqnas:
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- gvirabis mokeTebisa da garemomcveli masivis erToblivi
muSaoba arabzarmedegi mokeTebis mqone sadawneo gvirabebis
arsebobisas, geologiuri da filtraciuli moculobiTi
Zalebis gaTvaliswinebiT;
- dasabuTebuli iqnas xeobis ferdis siaxloes gamavali
gvirabis trasa - dasaSvebi minimaluri manZili;
- cementaciuri zonis gavlena gvirabis garemomcvel masivSi
filtraciuli nakadis parametrebze (maT Soris, depresiis
zedapiris gavrcelebis (dasaSvebi) are, agreTve agreTve,
bzarebis gaxsnis sidide,  raodenoba);
- xeobis ferdis mdgradobaze;
- energo-ekonomiuradD misaRebi filtraciuli danakargebi.
naSromis praqtikuli ERirebuleba
kvlevis meTodika, da gaanagariSebis Sedegebi SesaZlebelia
gamoyenebuli iqnas arabzarmedegi mokeTebis mqone sadawneo (aseve
udawneo) gvirabebis proeqtirebisas da reabilitaciis dros:
 gvirabis trasis dasabuTebisaTvis, rodesac gvirabi RerZi
gadis xeobis ferdis siaxloes;
 gvirabis mokeTebis garemomcveli cementaciur faradis
parametrebis (siRrme, xvedriTi wyalSTanmTqmelobis
koeficienti) sworad gansazRvrisaTvis, romlis dros
miRweuli iqneba:
 filtraciuli nakadis gavrcelebis dasaSvebi
are masivSi;
 gvirabi mosaxvisa  da xeobis ferdis mdgradoba
geologiuri aRnagobis (maT Soris Sreobrioba da
bzarianoba);
 energo-ekonomiuradD misaRebi filtraciuli danakargebi.
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gaangariSebis Sedegebi gaTvaliswinebuli iqna engurhesis
derivaciuli  gvirabidan ganviTarebuli filtraciuli
danakargebis SefasebisaTvis.
mecnieruli debulebebis, daskvnebisa da rekomendaciebis
sarwmunoebis dasabuTeba
sadisertacio naSromSi moyvanili yvela Sedegis damajerebloba
gansazRvrulia sasazRvro da sasruli elementebis meTodis
TeoriiT, warmodgenili  drekadobisa da filtraciis Teoriebis
amonaxsnebiT organzomilebiani amocanis farglebSi.
samuSaos realizacia:
Catarebuli kvlevebi moxsenebuli iqna stu-s hidroteqnikur
nagebobaTa da hidroenergetikuli mSeneblobis menejmentis
kaTedraze.
saqarTvelos teqnikuri universitetis studentTa 81-e Ria
saerTaSoriso samecniero komferenciaზე. samSeneblo fakulteti,
seqcia hidroinjineria. 10.06.2013w. (meore adgili.)
publikaciebi: ori statia saqarTvelos teqnikuri universitetis
samecniero teqnikuri jurnalSi ,,mSenebeli”, erTi statia
samecniero teqnikur JurnalSi ,,inJineria”
samuSaos struqtura da moculoba
sadisertacio naSromSi Sedgeba Sesavalis, xuTi Tavis, daskvnisa
da gamoyenebuli literaturis nusxisagan. samuSaos saerTo
moculoba Seadgens 108 nabeWd gverds, maT Soris 36 naxazi,
gamoyenebuli literaturuli wyaroebis raodenobaa 83.
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1. sadawneo hidroteqnikuri gvirabebisadmi arsebuli
kvlevebis mimoxilva
1.1 gvirabis garSemo Zabvebis  gaangariSeba gamowveuli
hidrostatikuri wnevis moqmedebisas
mocemulia kldovan masivSi arsebuli sadawneo gvirabebis
gaangariSebis Teoriuli meTodebis mimoxilva da kritikuli
analizi.
gvirabis garSemo Zabvebis gaangariSeba dakavSirebulia kldovan
masivSi gravitaciuli veliT gamowveuli sawyisi Zabvebis
arsebobasTan. arsebuli gaangariSebebi, romlebic emyareba
klasikur amonaxsnebs ganixilavs hidrostatikuri wnevis
moqmedebiT gvirabis garemomcvel masivSi ganviTarebuli Zabvebis
analizs. aRniSnuli emyareba sqelkedliani milis daZabuli
mdgomareobis  Teorias, romelic pirvelad gamoyenebuli iyo
gvirabebisaTvis mosaxvis ar arsebobisas, xolo Semdeg mosaxvis
arsebobis gaTvaliswinebiT.
warmodgenilia daZabul-deformirebuli  mdgomareobis kvlevis
meTodika (savele gamocdebis avstriuli meTodi), aseve
amonaxsnebi miRebuli wriuli kveTis mqone sadawneo
gvirabebisaTvis, Tanabrad ganawilebuli Siga hidrostatikuri
wnevis moqmedebisas.
gvirabis Teoriul kvlevebSi mniSvnelovani wvlili Seitana
mravalma mkvlevarma, maT Soris aRsaniSnavia: b.g. galiorkinis, g.n.
savinis, g.v. kolosovis, n.i. musxeliSvilis, s.g. lexnickis, b.p.
bodrovis, l.n. gorelikis, g. kirSis, g.n. savinis n.n. fotievas,
m.neiloris, r.hilis s. jegeris, v.m. mostkovis, n.s. buliCevis, g.g.
zurabovis, n.a. kasirovas, n.s rozanovis, v.n. sudakovis Sromebi.
filtraciul kvlevebSi mniSvnelovani wvlili Seitanes: i.b
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sokolovis, v.n. Jilenkovis, d.d. sapeginis, g.m. zadvornis, r.r.
Cugaevis, a.a. xrapkovis, v.a. sapeginis e.s. romis, g.s. geinacis, c.f.
knutsonis, b.f. boxoris, k.a. malcovisa da sxvaTa Sromebma.
gvirabis garSemo Zabvebis gaangariSeba dakavSirebulia kldovan
masivSi sawyisi Zabvebis arsebobasTan. hidrostatikuri wnevis
moqmedebiT gvirabis garSemo Zabvebis analizi emyareba
sqelkedliani milis daZabuli mdgomareobis  Teorias, romelic
pirvelad gamoyenebuli iyo gvirabebisaTvis mosaxvis ar
arsebobisas, xolo Semdeg mosaxvis  arsebobis gaTvaliswinebiT
[1, 2]. wriuli kveTis gvirabis Signidan Tanabrad ganawilebuli
hidrostatikuri wnevis moqmedebiT daZabul-deformirebuli
mdgomareobis kvlevis meTodika (savele gamocdebis avstriuli
meTodi) ukavSirdeba amonaxsnebs miRebulT sadawneo
gvirabebisaTvis.  aseTi kvlevebis Sedegebi SesaZlebelia aseve
gamoyenebulni iqnas sadawneo gvirabebis usafrTxoebis
TvalsazrisiT  minimaluri CaRrmavebis gansazRvrisaTvis [3].
qvemoT moyvanili gantolebebi gamoiyeneba agreTve hidravlikuri
dartymisas gvirabebisa da Saxtebis gaangariSebisas.
1.1.1 sqelkedliani sadawneo milebis daZabuli
mdgomareobis Teoria.
hidrostatikuri wnevis moqmedebis Sedegad tangenciuri da
radialuri deformaciebi toli iqneba Sesabamisad:
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meores mxriv deformaciebsa da Zabvebs Soris arsebobs
damokidebulebebi:
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sadac E – drekadobis modulia; m/1 milis puasonis
koeficientia. radialuri gadaadgileba ganisazRvreba
diferencialuri gantolebis amoxsniT:
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integrebis Sedegad miiReba:
u=BR+C/R
ukanasknelis gaTvaliswinebiT  radialuri da tangenciuri
Zabvebi  ganisazRvreba  damokidebulebebiT:
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B da C integrebis mudmivebi ganisazRvrebian sasazRvro
pirobebidan:
R = b; R = c.
milisaTvis, romelic ganicdis Pi PSiga da Pe gare wnevebis
moqmedebas R = b saTvis (nax.1.1.1) miiReba:
ir Pb
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(1.6)
xolo R = b saTvis:
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aqedan:
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aseve,
R = b saTvis:
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nax.1.1.1 sqelkedliani sadawneo milsadeni.
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R = c saTvis:
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1.1.2.sadawneo gvirabi  mtkice qanebSi.
ganixileba gvirabi mosaxvis sasazRvro pirobebiT (nax.1.1.2):
roca, PPbR i  ,
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roca, 0,  PeR r .
meore pirobis dros,
(1.11)
roca,  R0
nax.1.1.2 sadawneo gvirabi mtkice qanebSi.
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kldovani masivis nebismieri wertilisaTvis:
.0,0,0
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(1.13)
masivis siRrmeSi tr  , Zabvebi  swrafad mcirdeba da bR 2
manZilSi isini gvirabis mosaxvaSi aRweven  Zabvebis 25%-iT.
1.1.3. sadawneo gvirabebi betonis mosaxviT
mtkice arabzarmedeg qanebSi.
ganixileba sadawneo gvirabi, romlis mosaxvis Siga da gare
radiusebia b da c (nax. 1.1.3.1) [4,5]. Tu gvirabis Siga zedapirze
moqmedebs P hidrostatikuri wneva, maSin mosaxvaze gadacemuli
datvirTva (imis GgaTvaliswinebiT, rom  mosaxvasa da masivs
Soris uwyveti kavSiria) iqneba PPc  .
nax. 1.1.3.1 sadawneo gvirabi betonis mosaxviT
mtkice arabzarmedeg qanebSi.
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roca  RC , maSin
r Zabvebi SesaZlebelia warmodgenilni iqnas gantolebiT:
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indeqsi 2 miuTiTebs, rom Sesabamisi parametrebi ganekuTvneba
kldovan masivs. R Tvis pirobas 0r mTeli
masivisaTvis mivyavarT mniSvnelobebamde B2=0 da tr   .
roca qanebis zedapirze cR  , maSin
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radialuri gadaadgilebebi masivSi, roca cR  tolia
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rodesac cRb  , Semodis indeqsi 1. roca bR  , maSin
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drekadi gadaadgilebebis gatolebiT, roca cR  miiReba
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aRniSnuli gantolebidan gamomdinareobs, rom
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Zabvebi betonis mosaxvaSi, roca bR  tolia
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analogiuri amonaxsnebi miRebuli iqna b.g. galiorkinis, g.n.
savinis, g.v. kolosovis, n.i. musxeliSvilis, s.g. lexnickisa da
sxva mecnierebis naSromebSi [6, 7 ,8, 9, 10, 11, 12, 13, 14, 15, 16, 17] .
b.g. galiorkinis formulebi saSualebas iZleva magar kldovan
qanebSi moupirkeTebeli gvirabisaTvis Catarebuli iqnas
gaangariSebebi. Tu CavTvliT, rom   0121 ;EEE , maSin
intervalisaTvis  Rr1 adgili eqneba damokidebulebas
[10,17] :
22
1 /Pr Rr   (1.23)
drekadobis Teoriis zusti amonaxsnebi ar iZleva saSualebas
miRebuli iqnas saangariSo formulebi SemTxvevisaTvis, roca
mosaxvis nawilze garedan (mag. samTo wnevis saxiT) moqmedebs
ganawilebuli daTvirTva.
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am SemTxvevaSi Sesazlebelia gamoyenebuli iqnas b.p. bodrovis da
l.n. gorelikis amonaxsnebi (institut “metrogiprotransis“ 1936 w.)
es amonaxsnebi iyeneben  drekad garemoSi rgolis potencialuri
energiis minimumis princips. miCneulia, rom mosaxvis masivis
mxares deformirebisas
(nax.1.1.3.2,a) aRZruli reaqcia deformaciis sididis proporciulia
(vinkleris hipoTeza), anu:
KUP 
nax.1.1.3.2,a a) rgolis deformaciis sqema Tanabaradganawilebuli
vertikaluri datvirTebis moqmedebisas;
b,c) rgolSi  Zalvebis moqmedebis sqema.
a)
c)b)
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sadac, U nebismieri wertilis gadaadgilebis radialuri
komponentia,
t - gadaadgilebis Tanmxlebi mxebi komponentia. Tu
ugulvebelvyofT ganivi da grZivi ZalebiT gamowveul
deformaciebs, Tanafardoba zemoTxsenebul sidideebs Soris
SeiZleba ase CamovayaliboT:
 udt (1.24)
ricxviTi amonaxsnebis misaRebad  radialuri  deformaciebi
warmodgindeba furies mwkrivebis saxiT:
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sadac:  kuTxeea X RerZisa gansaxilvel wertilisadmi;
a1,a2,.....,am;   da b1,b2,........,bm ucnobi koeficientebia. mosaxvis
konstruqciisa da datvirTvebis  vertikaluri RerZis mimarT
simetriulobis pirobis gaTvaliswinebiT gamosaxulebas eqneba
saxe:
(1.26)
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 kuTxis SerCeva moxdeba iteraciuliuli gaangariSebebiT,
ukuwnevis epiuris nulovani mniSvnelobis Zebnisas. Tu
ganvsazRvravT rgolis potencialur energias  , rogorc gare
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Zalebis, reformaciis Siga Zalebis da drekadi reaqciis mier
Sesrulebul muSaobaTa jams, maSin
a1,a2,.....,am ucnobi koeficientebi moiZebneba potenciuri energiis
minimumis pirobidan. aRniSnuli daiyvaneba gantolebaTa sistemis
amoxsnaze:
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gaangariSebebis sizuste ganisazRvreba m-is mniSvnelobiT.
praqtikuli
gaangariSebebisas ZiriTadad sakmarisia mniSvneloba m=5, . . ., 6.
a1,a2,.....,am koeficientebis cnobili mniSvnelobebis
mixedviT ganisazRvreba momentebi M ganivi Q da grZivi  N Zalebi
nebismier kveTSi  kuTxis mixedviT (nax. 1.1.3.2, b,c):
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XXX
warmodgenili meTodika programirdeba, rac gaangariSebas miT
ufro moxerxebuls xdis.
drekadobis Teoriis amocanis amoxsna saSualebas iZleva
gaangariSebuli iqnas erTgvarovan drekad masivSi wriuli
xvrelis garSemo Zabvebi. r1 radiusian gamonamuSevarSi sawyisi
Zabvebis veli Seadgens (nax. 1.1.3.3):
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nax. 1.1.3.3 wriuli xvrelis arsebobisas  masivSi Zabvebis
ganawileba, yx  / Tanafardobis sxvadasxva
mniSvnelobebisaTvis;
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sadac  - masivis simkvrivea, xolo g- Tavisufali vardnis
aCqareba. maSin
Zabvebi masivSi ganisazRvreba g. kirSis formulebiT:
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sadac  kuTxea Y RerZsa da saangariSo wertilis mimarTulebas
Soris;    r- manZilia wris centridan gansaxilvel  wertilamde.
roca  =0 maSin gamonamuSevaris konturze (r= r1) normaluri
Zabvebi tolia
)13(   gH (1.32)
roca 3/1 konturze aRiZvrebian gamWimavi Zabvebi. saWiroa
aRiniSnos, rom gaumagrebeli gamonamuSevaris garSemomcvel
masivSi Zabvebis ganawileba ara damokidebuli misi deformaciuli
TvisebebiT da ganisazRvreba mxolod sawyisi  Zabvebis veliT,
 00 / yx TanafardobiT da geometriuli parametrebiT.
mudmivi kveTis wriuli rgoliT gamagrebuli xvrelis SemTxvevaSi
suraTi icvleba. gvirabis daSorebiT masivze   PP da P
wnevebis (mag. seismuri datvirTvebis) zemoqmedebisas (nax. 1.1.3.4)
SesaZlebelia gamoyenebuli iqnas g.n. savinis amonaxsnebi:
XXXII
nax. 1.1.3.4 mosaxvaze datvirTebis moqmedebis sqema.
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masSi Semavali  parametrebi ganisazRvrebian Semdegi
formulebiT:
;)1(3))(3(
)1(
;)1(3))((
)(
;)1(21
)1(
;1
;1
;1
1
;43
22
1
2
1
6
1
2
1
2
1
2
1
3
22
1
2
1
6
1
2
1
6
1
2
1
1
2
1
2
1
2
1
1
1
0
00











RtdRldRRt
RtRc
RdtRldRSRt
ldRRa
Rd
RRc
tS
dl
t 


(1.34)
1
10
01
11
2
1
1
1
1
;)1(
)1(
;43
;











d
E
E
r
rR
(1.35)
XXXIV
analogiuri formiT SesaZlebelia miRebuli iqnas saangariSo
formulebi gvirabis garedan da Signida wylis wnevebis, mosaxvis
sakuTari wonis da a.S. gaTvaliswinebiT.
praqtikaSi gavrcelebuli  wriuli kveTis mosaxvis gaangariSebis
meTodika emyareba mravalSriani rgolis sqemas. aseTi saangariSo
sqema asaxavs, nawilobriv wriuli kveTis sadawneo gvirabebis
muSaobas garedan da Signida wylis hidrostatikuri wnevebis
moqmedebisas, mosaxvasa da gruntis masivSi mzarebis gaCenis,
bunebrivi daZabuli mdgomareobisa da seismuri zemoqmedebis
gaTvaliswinebiT.
amocanis zusti amonaxseni miiReba drekadobis Teoriis
wonasworobis gantolebebSi  radialuri da kuTxuri cvladebis
gayofiT da Cveulebrivi diferencialuri gantolebebis zusti
amonaxseniT. gaangariSebis Sedegs warmoadgens gadaadgilebebis
veqtori, Zabvebis tenzori polarul koordinatebSi da mTavari
normaluri da mxebi Zabvebi. aRniSnul algoriTmze damuSavebuli
iqna saangariSo programa.
gaumagrebeli da gamagrebuli drekadi rgolis garSemomcvel
masivSi Zabvebis ganawilebis amocana, rogorc wesi ixsneba saerTo
meTodiT, romlebic daiyvaneba kompleqsuri cvladis analitikuri
funqciebis sasazRvro amocanebze. kompleqsuri potencialebis
moZebna, Semdgom erTeuli wris gare an Siga konturis
komformuli gardasaxviT gansaxilvel areebze da koSis tipis
integralebis amonaxsnebi miRebuli iqna g. v. kolosov - n. i.
musxeliSvilis mier.
arawriuli gvirabebis mosaxvisaTvis, romlebic amagreben wrfivad
deformirebad, erTgvarovan da izotropul masivs, sakontaqto
zedapirze deformaciaTa Tavsebadobis pirobis safuZvelze
dayrdnobiT n.n. fotievas mier damuSavebuli iqna gaangariSebis
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meTodika ( romelic emyareba wina mimarTulebas). komformuli
gardasaxvis funqciebis koeficientebi, romlebic axasiaTeben
mosaxvis kveTis formas ganisazrvreba winaswar grafoanalitikuri
meTodi an gamoiTvleba programulad.
1.1.4 bzarebiani betonis mosaxva kldovan masivis
siRrmeSi ganviTarebuli bzarebiT.
Tu betonis mosaxva radialuri mimarTulebiT Seicavs
Tanabarganawilebul bzarebs, maSin wneva mosaxvaze toli iqneba:
P P Pc
bPc 
(1.36)
kldovan masivis zedapirze Zabvebi toli iqneba:
Pc
b
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(1.38)
(1.39)
(1.40)
kldovan masivis zedapirze radialuri Zabvebi ganisazRvreba
qvemoT mocemuli tolobebiT (nax. 1.1.5). bzarebiani kldovani
masivis siRrmis nemismier wertilSi dR  diapazonSi  Zabvebi
toli iqneba:
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nax. 1.1.5 gvirabi mosaxviT radialuri bzarebiT
arabzarebiani masivis zedapiris sazRvarze:
(1.42)
xolo arabzarebiani masivis siRrmeSi  Rd :
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1.1.5 sadawneo gvirabebi da Saxtebi liTonis
mosaxviT.
arabzarebian masivSi (nax. 1.5 b) gvirabis Siga zedapirze moqmedebs
P hidrostatikuri wneva. foladis  mosaxvidan betonis
zedapirze gadaecema PPb  wneva, xolo betonis zedapiridan
kldovani masivs PPc  .
nax. 1.5 b. gvirabi liTonis mosaxviT.
foladis  mosaxvis drekadi gadaadgileba tolia:
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sadac: E - liTonis  drekadobis modulia;  e- mosaxvis sisqea;
PPb 1 (1.45)
foladis mosaxvisa da betonis zedapiris drekad gadaadgilebaTa,
aseve  betonis zedapirisa da  kldovani masivis gadaadgilebaTa
tolobebis safuZvelze miiReba  [1 ]:
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bzarebian masivSi radialuri bzarebiT foladis  mosaxvis
drekadi gadaadgileba tolia:
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xolo betonis mosaxvisa da kldovan masivSi:
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aq d radialuri bzarebis sigrZea. uwyvetobis pirobis
safuZvelze miiReba:
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1.1. 6. horizontaluri zedapiris qveS myofi gvirabis
gaangariSeba.
erTgvarovani da izotropuli masivis arsebobisas miiReba, rom
(H-X) siRrmeze masivi ganicdis sakuTari wonis moqmedebas.
masSi gayvanili   gvirabi ganicdis vertikaluri Zabvebis
zemoqmedebas.
γx(H-X)=  P
(1.50)
sadac: P sawyisi Zabvebia masivSi. horizontaluri mimarTulebiT
ganviTarebuli Zabvebi toli iqneba:
H Kγx(H-X),    K K(1.51)
hidrostatikuri wnevis moqmedebis Sedegad gvirabis centridan X
manZilis daSorebiT tangenciuri Zabvebi toli iqneba:
rt X
RP  
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
2
, (1.52)
sadac: r - radialuri Zabvebia.
(H-X) siRrmeze wonasworobis pirobas eqneba saxe:
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X1=H/n da HP  aRniSvnebis Semotanis Semdeg  wonasworobis
pirobas sabolood eqneba Semdegi saxe:
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 damokidebulia H/R –ze. im pirobiT, rom (H-X) siRrmeze masivis
Setivtivebis (amowevis) SesaZlebloba ar arsebobs da
usafrTxoebis koeficienti udris 1, miiReba:
HНP R  , )/.(  R , (1.55)
romelic ufro mkacria vidre (1) piroba.
1.2. amocanebis gadawyveta klasikuri
amonaxsnebis mixedviT.
1.2.1. sadawneo gvirabebis Tavze arsebuli minimalurad
aucilebeli  siRrmis gaangariSeba.
hidroteqnikur mSeneblobaSi sadawneo derivaciuli gvirabebis
proeqtirebisas mniSvnelovan sakiTxs warmoadgens minimaluri
CaRrmavebis gansazRvra. warmodgenili sakiTxi moicavs agreTve
saTanabrebeli rezervuarebis arsebobas da hidrodinamikuri
wnevebis gavlenas gvirabSi [1,2,3].
siRrmeze ganTavsebuli 2R diametris mqone gvirabSi (nax. 1.2.1)
hidrodinamikuri  wneva usafrTxoebis uzrunvelyofis pirobis
mixedviT SesaZlebelia gansazRvruli iqnas gamosaxulebiT:
P/γ=λH (1.56)
sadac:  P - hidrodinamikuri  wnevaa; γ - wylis moculobiTi wonaa;
λ - usafrTxoebis koeficientia. empiriuli FSefasebiT P-s
udidesi dasaSvebi mniSvnelobaNELunda pasuxobdes pirobas:
P/γ<0.5H , (1.57 )
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saidanac miiReba, rom λ <0.5. Tumca zogierTi moqmedi sadawneo
gvirabi daproeqtebuli iqna mniSvnelobebiT N λ=1 da λ=2-c ki.
aseTi midgoma dafuZnebuli iyo uxeS daSvebaze.
kerZod, gvirabis zeviT arsebuli masivis blokis (zomebiT: sigane
B=2R; simaRle E H) wona meti unda iyos gvirabis Sesabamis Siga
zedapirze (2Rx1) moqmed  amomgdeb Zalaze. am dros
gaangariSebisas miRebulia xuTjeradi maragi mdgradobaze.
nax. 1.2.1 gvirabebis Tavze minimalurad aucilebeli
siRrmis gaangariSebis sqema.
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qvemoT mocemulia gvirabebis mdgradobis zogierTi kriteriumi.
zogierTi amerikuli sadawneo gvirabi, romlebic daproeqtebulni
iqnen mokeTebis gareSe (xaasis da nantaxalas gvirabebi) miRebuli
iyo, rom P/γ=H, xolo bzarebidan  mimdinare filtracia ar
aRwevs Tavisufal zedapirze.
sidneis wyalmomaragebis gvirabisaTvis miRebuli iyo, rom P/γ=2.4
H. am SemTxvevaSi CaRrmavebis Sesabamisi masivis wona tolia
amomgdebi Zalisa, xolo maragi saerTod ar iyo miRebuli.
aseTi midgoma iyo miRebuli:
glen-moristonis gvirabis (liviSis hidrokvanZi) sadawneo
derivaciuli gvirabebis proeqtirebisas, romelic liTonis
mopirkeTebis gareSe iyo da iTvleboda yvelaze maRaldawnevianad
evropaSi da
aSfordis wyalmomaragebis komunaluri sistemis  gvirabis
proeqtSi, romelic gayvanili iqna londonis Tixovan masivSi.
- tercagi eTanxmeboda P/γ=2H kriteriums.
spreis hidrokvanZis (kalgari kanada) maRaldawnevian (H=65.8m)
gvirabSi miRebuli iyo P/γ=371.0 m,  anu P/γ xuTjer  metia.
1.2.2. ferdis siaxloes arsebuli sadawneo
gvirabis gaangariSeba.
horizontisadmi  kuTxiT daxrili ferdis arsebobisas (nax.2)
gaangariSeba swarmoebs zemoTmoyvanili gvirabis analogiurad.
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H*cosa X
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ganixileba Zabvebi gvirabis centridan X manZilze daSorebul
wertilSi, am dros XH= Hcos /n, sadc n – Tavisuflad SerCeuli
parametria.
bunebrivi Zabvebi  kuTxiT daxrili ferdis arsebobisas tolia:
 2cos22
11 HzHz  , (1.58 )
xolo P wertilSi:
  2cos)1()1()1()1(2 11 Kn
nHKn
nH RR 
 
(1.59)
nax.2.  ferdis axloes arsebuli sadawneo gvirabis
saangariSo sqema.
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tangenciuri Zabvebi toli iqneba:
rt H
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coscos  (1.60)
wertilSi usafrTxo Zabvebis arsebobisaTvis saWiroa
sruldebodes piroba:
t . (1.61)
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2. filtraciis amocanebis amoxsnis ZiriTadi meTodika
da algoriTmi sasruli elementebis meTodis
gamoyenebiT.
2.1 stacionaluri filtraciis amocanis amoxsna
or ganzomilebiani areebisaTvis
filtraciuli nakadis stacionaluri moZraoba  or
ganzomilebiani areebisaTvis aisaxeba kvaziharmoniuli
diferencialuri gantolebiT, romelsac or ganzomilebiani
areebisaTvis aaqvs saxe:
(2.1)
sadac:  - filtraciuli nakadis wnevaa; XK , Ky - filtraciis
koeficientebia anizotropiis RerZebis mimarT; Q - filtraciuli
nakadis xarjia.
zogadad (2.10) gantolebis amoxsna sruldeba Semdegi sasazRvro
pirobebisaTvis:
 S1 zedapirze - 0  ;
(2.2)
S2 zedapirze -
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sadac: lx da ly zedapiris normalis mimarTulebis kosinusebia;
q –gansaxilveli aris S2 zedapirze gamavali nakadis xarjia. S1 da
S2 zedapirebis gaerTianeba qmnis gansaxilveli aris srul
zedapirs. Tu q=0, maSin meore sasazRvro piroba Rebulobs saxes:
0)()( 
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yxX lyKyylxKx
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(2.4)
ukanaskneli warmoadgens Sesabamis zedapirze wyaluJonadobis
pirobas, anu
0

n

. (2.5)
eqstremumis amocanis Tanaxmad (2.10) gantolebis amoxsna (2.11) da
(2.12) sasazrvro pirobebis gaTvaliswinebiT Seesabameba mocemuli
funqcionalis minimizacias:
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warmodgenili funqcionalis minimizacia saWiroa
moxdesgansaxilveli aris kvanZuri wertilebis mniSvnelobaTa 
simravleze (2.11) da (2.12)  sasazRvro A pirobebis gaTvaliswinebiT.
elementebis ucnobi  funqcia mis kvanZur mniSvnelobebs
ukavSirdeba formuliT:
XLVII
(2.7)
sadac: }{ da e}{ funqciis kvanZur mniSvnelobaTa veqtoria;
[N ]-elementis formis funqciaa, romelic akmayofilebs
sasazRvro pirobebs da uwyvetobis pirobebs elementis
farglebSi.
mTeli sistemis funqcionalis minimizaciis Sedegad vRebulobT:
(2.8)
(2.9)
sadac: [H ] - sistemis filtraciuli  sixistis matricaa da
miiReba elementebis sixistis matricaTa gaerTianebiT,
dxdyy
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(2.11)
 
v s
ii
e
i dSqNdVQNF
aq dxdydV  .
2.2 sadawneo gvirabidan ganviTarebuli
filtraciuliUnakadis parametrebis gansazRvra.
2.2.1 mosaxvidan izotropul masivSi ganviTarebuli
filtraciuliU xarjis gansazRvra.
sadawneo gvirabidan garemomcvel izotropul masivSi
filtrirebuli wylis xarji ganisazRvreba diupuis klasikuri
amonaxseniT [10] :
)/(/2 rRLnHKq  (2.12)
sadac q gvirabis  1 grZ. m-dan  filtrirebuli wylis xarjia;
K - masivis  filtraciis koeficientia; H H - moqmedi dawnevaa;
r - gvirabis radiusia; R - filtraciuli aris radiusia;
filtraciis hidravlikuri winaaRmdegoba ganisazRvreba
formuliT:
)2/()/(  KrRLnqH  (2.13)
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gvirabidan wylis filtraciis dros ganixileba sami are: mosaxva,
cementaciuri zona (farda) da ZiriTadi masivi. am SenTxvevaSi
hidravlikuri winaaRmdegobaTa Sejamebis meTodis gamoyenebiT,
filtraciis saerTo winaaRmdegoba Sedgeba Tanmimdevrulad
dakavSirebul winaaRmdegobaTa jamisagan:
mcgc HHHH  . (2.14)
sabolood dawnevis kargvebi ganisazRvreba gamosaxulebiT:
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sadac 2r da 1r gvirabis mosaxvis gare da Siga radiusebia; cgR . -
cementaciuri fardis; mcgc kkk ,, . - mosaxvis,  cementaciuri fardis
da masivis  filtraciis koeficientebia Sesabamisad.
filtraciuli nakadis jamuri xarji ganisazRvreba formuliT:
cg
cg
cgc R
R
kr
R
kr
r
k
LHQ
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
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 (2.16)
sadac L - gvirabis an misi ubnis sigrZea.
L2.2.2 mosaxvaSi arsebuli bzarebidan izotropul
masivSi ganviTarebuli filtraciuliU
xarjis gansazRvra.
arabzarmedegi (bzarebis limitirebuli parametrebiT) mosaxvis
mqone sadawneo gvirabidan filtraciuli xarji betonidan,
rogorc mcire sidide bzarebidan  ganviTarebuli xarjis
mniSvnelobasTan SedarebiT, mxedvelobaSi ar miiReba.
im SemTxvevaSi, Tu cementaciuri farad ar iqneba
gaTvaliswinebuli dawnevis kargvebi ganisazRvreba
gamosaxulebiT:
mc HHH  (2.17)
sadac mH ganisazRvreba   (2.8) Ti.
bzaris hidravlikuri winaaRmdegoba cH damokidebulia   bzarSi
wylis hidravlikur reJimze, romelic ZiriTadad laminarulia.
ukanasknel SemTxvevaSi filtraciuli xarji miiReba darsis
kanonis safuZvelze:
c
T
TT h
Hknq  (2.18)
sadac Tn - gvirabis mosaxvis perimetrze ganviTarebuli  bzarebis
raodenobaa; Tk - bzarebis wyalJonvadobis koeficientia, romelic
gvirabis 1grZ. m-ze gasuli wylis xarjia dawnevis gradientis
1
c
T
h
H
m 3/(wm.m) mniSvnelobis dros.
betonSi arsebuli bzarisaTvis wyalJonvadobis koeficientisaTvis
miRebulia misi saSualo mniSvneloba [10]:
3
0
4107 akT  (2.19)
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sadac 30a - bzaris gaxsnis siganea betonSi.
(2.13) dan ganisazRvreba TH dawnevis kargvebi bzarSi:
)/( TTcT knhqH  (2.20)
sruli hidravlikuri danakargebi  bzarebisa da masivisaTvis
ganisazRvreba gamosaxulebiT:
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sruli filtraciuli xarji ganisazRvreba formuliT:
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k
r
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kn
h
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 (2.22)
anizotropuli masivisa da cementaciuri fardis arsebobisas
warmodgenili gaangariSebebi unda Catardes sasruli elementebis
meTodis gamoyenebiT.
gvirabis mosaxvaSi bzarebisa da nakerebis sasrul - elementuli
modeli warmodgenili iqna specialuri “nakeris elementi”-s
gamoyenebiT, romelsac aaqvs anizotropiis Tviseba [50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60] (nax. 2.2.2).
elementi  gvirabis tangenciuri mimarTulebiT  ar muSaobs, xolo
radialuri  mimarTulebiT misi filtraciis koeficienti
ganisazRvreba xarjis uwyvetobis pirobis mixedviT:
LII
e
cc
e a
aKK ,,   (2.23)
sadac: eK , da cK , - elementisa da nakeris filtraciis
koeficientebia, xolo ea , ca - - elementisa da nakeris
siganeebia Sesabamisad;
K
K
nax. 2.2. 2. bzaris  sasrul- elementuli modeli
2.2.3 anizotropul masivSi udawneo
filtraciis  parametrebis gansazRvra.
filtracia kldovan masivSi ganixileba darsis kanonis
farglebSi da or ganzomilebiani masivisaTvis sasruli
elementebis meTodebis gamoyenebiT warmodgindeba Semdegi saxiT:
K2
K
1
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aRniSnuli gantolebis amoxsna eqvivalenturia mocemuli
funqcionalis minimizaciisa:
 dxdyy
HKyx
HKx ]2
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
, (2.25)
sadac: KyKx , - filtraciis koeficientebia RerZebis gaswvriv;
H - dawnevis funqciaa; V –. filtraciuli nakadis gavrcelebis
area.
funqcionalis minimizaciis dros iZebneba ucnobi Hi funqcia,
romelic akmayofilebs sasazRvro pirobebs.
udawneo filtraciis amocanis amosaxsnelad kldovan masivSi
gamoiyeneba lokaluri variaciis meTodi, romlis mixedviT
gamosakvlevi arisaTvis saZiebel funqcias eniWeba sawyisi
miaxloebiTi mniSvneloba. Hi funqciis variaciis warmoebiT yvela
“lokalur ubnebSi” gansazRvruli bijis mixedviT gamoiTvleba
funqcionalis mniSvneloba, ise, rom kmayofildebodes amocanis
sasazRvro pirobebi. rodesac funqcionali aRar Semcirdeba, anu
variaciis mocemuli bijis mixedviT sistema aRar  moaxdens
reagirebas arc erT “lokalur” areze, variaciis biji mcirdeba.
iteraciuli gaangariSeba mimdinareobs funqcionalis analizi
fonze da grZeldeba winaswar moTxovnili sizustis
dakmayofilebamde.
amocanis amoxsnis Sedegad gamosakvlev areSi  ganisazRvreba
filtraciuli nakadis ZiriTadi parametrebi: dawnevebi, dawnevis
gradientebi, siCqareebi, xarjebi da filtraciuli moculobiTi
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Zalebi. maTi gaangariSeba mniSvnelovania erTis mxriv sufoziuri
procesebisa da wylis kargvebis, meores mxriv masivsa da
nagebobaze Zalebis gansazRvrisaTvis.
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3.sasazRvro elementebis meTodi.
3.1 sasazRvre elementebis meTodis
ZiriTadi algoriTmi.
sasazRvre elementebis meTodi amtarebs damokidebulebebs
gansaxilveli aris SigniT da is konturze saZiebel funqciebs
Soris. Amdenad, diferencialuri gantolebebi, romelTa
amonaxsnebi warmoadgenen ucnob funqciebs aris SigniT,
icvlebian eqvivalenturi integraluri gantolebebiT, romlebSic
ucnobi funqciebi asaxaven mxolod aris gare konturs. zogadad,
aseTi gantolebebi warmoadgenen integralur gantolebebs.
mdenad, sasazRveo elementebis meTodi, romelic zemoxsenebuli
gantolebebis amonaxsnebis ricxviT realizacias warmoadgenen,
agreTve iwodebian sasazRvro integraluri gantolebebis
meTodad.
sasazRvro amocanaTa amoxsnaSi, singularil funqciaTa
sxvadasxva klasisaTvis, didi roli Seitana mravalma mkvlevarma,
maT Soris aRsaniSnavia: e. beti, v. volteri, s. lapunovi, k.neimani,
a.kuankare, s. somiliani, e. fredgolmi, s. mixliani da sxva. Am
mxriv aRsaniSnavia qarTvel maTematikosTa didi Rvawli, maT
Soris: n. musxeliSvilis, i. vekuas, v. kupraZis, a. gorgiZis da a.
ruxaZis. gansakuTrebiT did aRiarebas imsaxureben n.
musxeliSvilis Sromebi romelic gamoqveynda Cveni saukunis 30-40-
ian wlebSi da eZRvneboda sasazRvro integraluri gantolebebis
kvlevas drekadobis Teoriis organzmilebiani amocanis
farglebSi. xsenebuli gantolebebis ricxviTi amonaxsenebi
miRebul iqna misi mowafeebis – a. gorgiZis da a. ruxaZis mier.
aRniSnul amonaxsnebSi warmodgenilia sasazRvro elementebis
meTodis Yyvela komponenti.
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sasazRvro integraluri ricxviTi amonaxseni, romelic exeboda
sibrtyeSi ori Wrilis arsebobas, miRebuli iqna c.levinisa da
ss.mixlinis mier. aRniSnuli are komfortulad iqna asaxuli
wriul rgolze, romlisTvisac gamoiyeneboda grinis funqciebi:
ელექტრონული მანქანების გაჩენამ შეამსუბუქა ხსენებული განტოლებათა
ამოხსნის სირთულე. აღნიშნულმა კვლევებმა ინტენსიური განვითარება
ჰპოვა ჩვენი საუკუნის 60-იან წლებში. ამ პერიოდისათვის გაჩდნენ
საზღვარგარეთული მეცნიერები: ფ. რიცოს, მ. ჯეუსონის, ტ. კრუზიას, დ.
შიპის, კ.ბრეიბიას, ს. კუკერის. პ. ბენერჯის, რ. ბატერფილდის და სხვათა
მეტად მნიშვნელოვანი შრომები. აღნიშნულ შრომებში ganixilebodnen
sakiTxebi, romlebic eZRvnebodnen gaangariSebis maRal sizustesa
da saimedoobas, agreTve kvlevebs, zedapiris sxvadasxva
gansakuTrebuli wertilebis arsebobisas.
qvemoT mocemulia sasazRvro elementebis meTodis ZiriTadi
algoriTmi fiqtiu datvirTvaTa da sasazRvro integralebis
pirdapiri meTodis formebiT.
3.2 fiqtiur datvirTvaTa meTodi.
kelvinis amocanis amonasniT, romelic ganixilavs Seyursuli
Zalis moqmedebas usasrulo areSi, gadadgilebebi da Zabvebi
zogadad tentoruli saxiT warmodgindeba Semdegnairad:
(3.1)
(3.2)
sadac: - zogadad ganawilebuli moculobiTi Zalebia
- zogadad, globaluri da lokaluri kordinatebia.
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kelvinis amonaxsnis mixedviT, SesaZlebelia gasazRvruli iqnas
gadadgilebebi da Zabvebi gansaxilveli aris Semofargvleli
konturis elementebisaTvis. amdenad, nebismieri -uri
elementisTvis gadadgilebebisa da Zabvebis komponentebi
warmodgindebian kontueis Semomfargvlel calkeul elementebSi
moqmedi fiqtiuri Zalebis mier gamowveuli gadadgilebebisa da
Zabvebis jamis saxiT. sabolood, sasazRvro elementebis meTodis
saSualebiT (fiqtiur datvirTvaTa meTodis formiT),
gadadgilebebi da Zabvebi ganisazRvrebian formuliT:
(3.3)
(3.4)
sadac: – gadadgilebebisa da Zabvebis kompinentebia i –
ur elementebSi; – fiqtiuri datvirTvebia konturis
elementebisvis; – gavlenis sasazRvro
koeficientebia gadadgilebebisa da ZabvebisaTvis Sesabamisad:
(3.5)
(3.6)
(3.7)
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(3.8)
(3.5)
აქ: - კელვინის ამოცანის ფუნდამენტური ამონახსნია ხოლო
:
(3.9)
(3.10)
(3.11)
(3.12)
(3.13)
G - Zvris modulia; V –puasonis koeficientia, ; da
-lokaluri kordinatebia; -elementis naxevari sigrZea.
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amdenad, konturze arsebuli sasazRvro pirobebis mixedviT
moxdeba da funqciuri datvirTvwbis gansazRvra. kerZod,
Tuki gamosakvlevi aris konturis zedapirze mocemuli
gadadgilebebi, maSin gantolebaTa sistemidan gamisazRvrebian
fiqtiuri datvirTvebi, romelTa mixedviTac gantolebaTa
sistemis amonaxseni ganisazRvreba elementebSi da mdgeneli
Zabvebi. Tuki sasazRvro pirobebi mocemulia ZabvaSi, maSin –dan
gamisazRvreba funqciuri datvirTvebi da –dan konturis
gadadgilebaTa komponentebi amocana SesaZlebelia
amoxsnili iqnas Sereuli sasazRvro pirobebis SemTxvevaSi.
kerZod, rodesac konturis erT nawilze cnobilia
gadaadgilebebi, xolo meoreze – Zabvebi.
sasazRvro integrebis pirdapiri meTodi emyareba muSaobaTa
urTierTobis pirobas. ukanasknelis mixedviT, Tu gansaxilveli R
aris C konturi, eqvemdebareba ZalaTa ori sistemis moqmedebas,
romelTa gadaadgilebaTa da ZabvaTa komponentebia: da
, maSin adgili aqvs tolobas:
(3.14)
TviTeuli sasazRvre elementis farglebSi Zabvebisa da
gadaadgilebebis mudmivobis SemTxvevaSi wina piroba saboloos
daiyvaneba Semdeg gantolebaTa sistemaze:
(3.15)
sadac , , A , Ggavlenis sasazRvro koeficientebia
Zavebisa da gadadgilebebisaTvis Sesabamisad:
LX
(3.16)
(3.17)
(3.18)
(3.18a)
(3.19)
(3.20)
(3.21)
(3.22)
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აქ: , ……, warmoadgenen kelvinis fundamentaluri amonaxsenis
- da misi warmoebulebis gansazRvrul integralebs:
, (3.23)
(3.24)
(3.25)
(3.26)
(3.27)
(3.28)
, –lokaluri kordinatebia. .
rodesac I da J wertilebi erTmaneTs emTxveva, maSin da
koeficientebi martivdebian.
gavlenis sasazRvro koeficientebis diagonaluri wevrebi,
romlebic warmoadgenen sakuTriv elementebis reaqciebs,
warmodgindebian Semdegi saxiT.
(3.29)
LXII
(3.30)
sasazRvro integralebis pirdapiri meTodis sarealizacio
ZiriTadi gantolebis analizi gviCvenebs, rom misi gamoyenebiT
SesaZlebelia uSualod gansazRvrul iqnas konturis erT
nawilSi gadadgilebebi da Zabvebi, meore nawilSi sasazRvro
pirobebis arsebobis SemTxvevaSi.
(emyareba amonaxsnebs fiqtiur datvirTvaTa meTodis formiT),
mixedviT gamosakvlevi aris konturi warmodgindeba wrfivi
elementebis saxiT. konturze mocemuli sasazRvro pirobebis
(gadaadgilebebis an Zabvebis) mixedviT ganisazRvreba
gadaadgilebebi da Zabvebi aris SigniT.
araerTgvarovani areebis kvlevisaTvis gamoiyeneba sakontaqto
amocanebis formulireba, romelic gulisxmobs sakontaqto
zedapirebze Zabvebisa da gadaadgilebebis uwyvetobis pirobas.
amdenad mezobeli areebis sakontaqto elementebis N wyvili
Seicavs 4N ucnobs, saidanac 2 komponenti warmoadgens Zabvebs
, xolo 2 komponenti gadaadgilebebs Us, Un.
sasazRvro elementebis meTodis sarealizacio gantolebaTa saxe
fiqtiur datvirTvaTa meTodis formiT warmodgindeba Semdegi
saxiT:
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i=1, …,N (3.31)
sadac: da aRniSnaven konturze sawyis sasazRvro pirobebs
mocemuls an ZabvebiT an gadaadgilebebiT;
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N ij
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
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gavlenis ganzogadoebuli sasazRvro koeficientebia an ZabvebSi
an gadaadgilebebSi; jSP , jnP - fiqtiuri datvirTvebia.
3.3 gadaadgilebebisa da Zabvebis gansazRvra
gamosakvlevi aris SigniT.
fiqtiur datvirTvebisa da pirdapiri integralebis meTodebis
gamoyenebiT ganisazRvreboda gadaadgilebebi da Zabvebi
gansaxilveli aris konturze. aris SigniT nebismier wertilSi
gadaadgilebebi da Zabvebi SesaZlebelia gansazRvruli iqnas,
Tuki arsebobs amonaxseni konturis Semomfargvleli
elementebisaTvis. saboloo saxiT  gadaadgilebebi da Zabvebi
somilianis gardaqmnebiT warmodgindebian Semdegi saxiT:
(3.32)
(3.33)
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(3.34)
(3.35)
(3.36)
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sadac T1 ,……, T5 funqciebia, romlebic warmodgenilni arian
formulebiT (1629) , xolo T6 და T7 ganisazRvrebian Semdegi
gamosaxulebebiT
(3.37)
(3.38)
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nax. 3.1 lokaluri koordinatebis saangariSo sqemebi:
a. sasazRvro koeficientebisaTvis;
b. arasasazRvro  wertilebis koeficientebisaTvis.
a )
b)
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4.xeobis ferdis siaxloes gamavali sadawneo gvirabis
filtraciuli parametrebis analizi
statikis amocanis gaangariSebebis dros saeqspluatacio
datvirTvebis saxiT gaTvaliswinebuli iyo filtraciuli
moculobiTi Zalebi, romlebic ganisazRvreboda filtraciis
amocanis amoxsnis dros. gaangariSeba mimdinareobs ciklur-
iteraciuli TanmimdevrobiT (mocemuli algoriTmis mixedviT)
manam sanam ciklebs Soris Sedegebs Soris gansxvaveba ar iqneba
misaRebi sizustis farglebSi.
xeobis ferdis siaxloes arsebuli sadawneo gvirabebi
arabzarmedegi mosaxviT mniSvnelovan problemebs qmnis.
filtraciuli nakadi saSiSroebas qmnis, erTis mxriv sufoziuri
procesebis, xolo meores mxriv  mdgradobis dakargvis
ganviTarebis TvalsazrisiT. ase magaliTad, md. oloris
gadasasvlelTan engurhesis derivaciuli gvirabis (1997 wels)
ferdSi filtraciam  sufoziuri procesebis ganviTarebasTan
dakavSirebiT mdgradobis dakargvis realuri saSiSroeba Seqmna.
proeqtirebisaTvis sazogadod mniSvnelovania derivaciuli
gvirabebis RerZidan ferdis zedapiramde dasaSvebi manZilis
gansazRvra, romlis dros kmayofildeba  usafrTxoebis anu
filtraciuli simtkicisa da statikuri mdgradobis pirobebi.
4.1 filtraciuli kvlevebi
filtraciuli simtkicis Sefaseba swarmoebs dawnevis
gradientebis dasaSvebi mniSvnelobis mixedviT: I < IKR.
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sadac, I da IKR masivSi ganviTarebuli filtraciuli nakadis
dawnevis gradientebis saangariSo da kritikuli mniSvnelobebia
Sesabamisad.
naSromSi mocemuli yvela saxis gaanariSeba Catarebuli iqna
enguris gvirabis geometriuli parametrebisa da fuZis
maxasiaTeblebis Sesabamisad
engurhesis eqspluataciis periodSi xeobaSi Tavi iCina
filtraciulma wyaroebma, romelTa xarjebis cvlilebis
kanonzomiereba korelaciur damokidebulebaSia wyalsacavSi
wylis donesTan. dakvirvebebis SedegebiT calkeul wyaroebze
wlebis ganmavlobaSi gamovlenili iqna xarjis zrdis tendencia.
zemoTxsenebulidan gamomdinere unda vivaraudoT, rom
mSeneblobis dros ver Catarda saTanado xarisxis gamagrebiTi
da Semavsebeli cementacia, an eqspluataciis periodSi
ganviTarda sufoziuri procesi. amasTan dakavSirebiT
mosalodnelia, rom dabalxarisxiani cementaciuri zona
SeinarCunebda anizotropulobas.
gvirabis eqspluataciis dros filtraciuli procesebis
prognozirebisaTvis Catarebuli iqna kvlevaTa seriebi, romlis
dros  gaiTvaliswineboda gamagrebiTi cementaciuri zonis
filtraciis koeficientis, rogorc saproeqto da aseve
gazrdili mniSvnelobi: m gzK K  20,10, 9, 8, .... , 3.
gaangariSebebiT miRebuli iqna (nax 4.1.1, 4.1.2, 4.1.3, 4.1.4), rom:
 20 : 10m gzK K    diapazonSi depresiis zedapiri rCeba
cementaciuri zonis farglebSi;
 cementaciuri zonis dabali xarisxis arsebobis pirobebSi
(an sufoziuri procesis arsebobisas), rodesac 8m gzK K 
da masala nawilobriv imeorebs masivis anizotropias,
depresiis zedapiri ukve gadis cementaciuri zonidan;
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 2,5m gzK K  warmoadgens depresiis zedapiiris kritikul
mniSvnelobas  (gvirabis RerZidan mniSvnelovnad Sordeba da
iwyeba xeobis ferdis dasveleba), romlisTvisac jer ar
miuRwevia (nax.4.1.4, 4.1.5).
amdenad, SegviZlia vivaraudod, rom  gamagrebiTi cementaciuri
zonis arsebuli mdgomareobisaTvis ufro realistutia
4m gzK K  .
nax.4.1.1 filtraciuli wnevebis ganawileba gvirabis garemomcvel
maსivSi, roca 20 : 10m gzK K    (saproeqto mdgomareoba).
GZ
Grouted  Zone  (h   = 6 m)
 Saturated Surface (h   = 4m)
150
H = 150 m G
S
 K   / K    =  20 (by design)m
  0
  0  0
a.
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nax. 4.1.2. filtraciuli wnevebis ganawileba gvirabis
garemomcvel maსivSi, roca depresiis zedapiri Tavsdeba
cementaciuri zonis farglebSi 10m gzK K  ;
GZ
Grouted  Zone  (h   = 6 m)
 Saturated Surface (h   = 4m)
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G
S
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nax. 4.1.3. filtraciuli wnevebis ganawileba gvirabis garemomcvel
maსivSi, roca arsebobs cementaciuri zonis dabali xarisxi
8m gzK K  ;
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nax. 4.1.4. filtraciuli wnevebis ganawileba gvirabis
garemomcvel maSivSi, roca depresiis zedapiiris uaxlovdeba
xeobis ferds 2,5m gzK K  .
nax. 4.1.5 depresiis zedapiris gavrceleba anizotropiis
pirobebSi ferdis siaxloes sadawneo gvirabis arsebobisas.
K1
K2L
Grouted  Zone
saturated surface
L
h
v
Lining
Lm ax =100 m
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nax. 4.1.6 depresiis zedapiris horizontaluri da vertikaluri
mimarTulebebiT gavrcelebis mrudebi.
gaangariSebebSi miiReboda, rom:
- gvirabis mosaxvaSi arsebobs bzarebi, romelTa
gamtarunarianoba (Siga wnevis moqmedebisas) metia vidre
masivis;
- garemomcveli cementaciuri fardis siRrme tolia
engurhesis derivaciuli gvirabis proeqtiT
ganxorcielebuli siRrmis Sesabamisad hc.f= 6.0 m;
-
- cementaciuri fardis filtraciis koeficienti (xvedriTi
wyalSTanmTqmelobis koeficientis)  ganicdis varirebas.
LXXIV
Kc.f SerCeva swarmoebda filtraciis koeficientTa fardobis
sxvadasxva  mniSvnelobebisaTvis ( Km / Kc.f = 1, 2, 3, ......), fuZis
geologiuri struqturis, gvirabis radiusisa da dawnevis
mixedviT,  romelTa dros ar moxdeba depresiis zedapiris
gamosolva da Sesabamisad ferdze sufoziuri movlenebis
ganviTareba.
ricxviTi amonaxsnebis SedegebiT miRebuli iqna R=f(Km/Kc/f)
damokidebulebis mrudi anizotropuli masivisaTvis (Sreebis
daxrili ganlagebisas).
Sedegebis analizidan miiRebuli iqna, rom Km/Kc/f=8.0 mniSvneloba
misaRebi aRmoCnda, ramdenadac am dros depresiis zedapiri ver
aRwevs ferdamde (nax.4.1.3). am SemTxvevaSi xeobis ferdidan
gvirabis RerZamde dasaSvebma Rmin manZilma  Seadgina 25 m.
4.2 filtraciuli kvlevebi mosaxvaSi arsebuli nakeris
gaxsnis gaTvaliswinebiT
gaangariSebebis Semdgom seriebSi gaTvaliswinebuli iqna gvirabis
mosaxvaSi nakeris gaxsna da masTan dakavSirebiT Catarebuli iqna
masivSi ganviTarebuli filtraciuli reJimis Sesabamisi
parametrebis analizi. saangariSo sqemaSi nakeris kveTi
modelirdeboda bzaris sasrul- elementuli modeliT (nax. 2.2.2).
nakeris elementis filtraciis koeficienti radialuri
mimarTulebiT ganisazRvreboda (2.30) formulis gamoyenebiT,
xolo tangenciuri mimarTulebiT misi mniSvneloba Seesabameboda
gvirabis masalis filtraciis koeficients. iteraciuli
LXXV
gaangariSebebisas, nakeris gaxsnis mniSvnelobebi bijurad
izrdeboda. nakeris gaxsnis bijis yoveli mniSvnelobisas,
gvirabis mosaxvaze masivis mxridan, izrdeba filtraciuli
ukuwneva, romelic koreqtirebas ukeTebs bzaris gaxsnas.
statikisa da filtraciis SekavSirebuli sqemiT ciklur-
iteraciuli gaangariSebebi,  grZeldeba manam, sanam gvirabis
mosaxvaze Siga da gare wnevebis moqmedebiT ar gaCerdeba kveTis
gaxsna.
iteraciuli gaangariSebebis dros bijis SerCeva mniSvnelovan
sakiTxs warmoadgens. bijis mixedviT unda moxdes krebadobis
pirobis  damakmayofileba. amasTan dakavSirebiT iteraciaTa
savaraudo raodenoba aRwavda 200 –s. warmodgenili
gaangariSebebis dros iteraciaTa saangariSo raodenoba
icvleboda  100 - 150,  romelTa dros miiRweoda  krebadobis
misaRebi done (nax.4.2.4). bijis mniSvneloba cxadia icvleboda
gansaxilveli amocanebis mixedviT. ZiriTadad , rogorc bijis,
aseve iteraciaTa raodenobas gansazRvravda filtraciis
koeficientTa fardoba.
naxazebze (4.2.1, 4.2.2) mocemulia gvirabis garemomcvel masivSi
gaxsnili nakeris arsebobisas ganviTarebuli filtraciuli
nakadis bade, xolo naxazebze (4.2.3) dawnevebisa da dawnevis
gradientebis   ganawileba masivSi nakeris kveTTan.
rogorc Sedegebidan Cans nakeris kveTebTan myofi masivi
xasiaTdeba dawnevis gradientebis koncentraciis maRali
mniSvnelobebiT ( cJ 12 ), xolo misgan mcire (2.5 m) manZilis
daSorebiT isini mniSvnelovnad vardebian. aRniSnuli miuTiTebs,
rom aseT pirobebSi  gvirabis nakerebTan kldovani masivis
Sesabamis ubnebSi  adgili eqvneba sufoziuri procesebis
ganviTarebas, rac auaresebs masivis struqturas da Sesabamisad
amcirebs mis zidvis unarianobas. filtraciuli xarjis sidide
LXXVI
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Seadgens 0.5715 l/wm.
nax. 4.2.1 filtraciuli bade masivSi
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nax. 4.2.2 filtraciuli gradientebi gvirabis garSemo nakerebis
gaTvaliswinebiT.
LXXVIII
0
2
4
6
8
10
12
14
0 1 2 3 4 5
Gr
ad
i e
nt-X
Distance  L(m)
nax.  4.2.3 dawnevis ganawileba masivSi nakeris kveTTan
nax. 4.2.4 dawnevis da dawnevis gradientebis  ganawileba masivSi
nakeris kveTTan.
90
95
100
105
110
115
120
125
130
135
0 1 2 3 4 5 6
He
ad
 H
( m
)
DistanceL(m)
LXXIX
      Steady-State Analysis
Residual
           Iteration #
0
500
1000
1500
2000
0 20 40 60 80 100
      Steady-State Analysis
Residual
           Iteration #
0
500
1000
1500
2000
0 20 40 60 80 100
nax. 4.2.5 udawneo filtraciis iteraciuli gaangariSebisas
krebadobis  zogadi grafikuli warmodgena
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5. xeobis ferdis siaxloes gamavali gvirabis
mdgradobis sakiTxebi.
5.1 mdgradobis  Nanalizi stacionaluri filtraciis reJimis
gaTvaliswinebiT.
masivSi ganviTarebuli filtracia gvirabis garSemo qmnis
depresiis zedapirs, romlis farglebSi adgili aqvs kldovani
gruntis Setivtivebas, amasTan dakavSirebiT gvirabis
koncentraciis zonebSi Zabvebis gadanawilebas da agreTve
masalis Zvris maxasiaTeblebis gauaresebas. aRniSnuli procesebi
miT ufro mniSvnelovania, im SemTxvevaSi, rodesac ferdSi
arsebobs xeobis mimarTulebiT orientirebuli dacurebis
sibrtye. fitraciuli procesebi am mxriv mniSvnelovnad
reagirebs ferdis mdgradobis maragebze gauaresebis
mimarTulebiT.
gaangariSebebi Catarebuli iqna sasazRvro da sasruli
elementebis meTodis gamoyenebiT masivSi ganviTarebuli
stacionaluri filtraciuli reJimis Sesabamisi depresiis
zedapiris maqsimaluri moxazulobis, (Tavi meoTxe), agreTve
garemomcveli cementaciuri zonis gavlenis  gaTvaliswinebiT.
“mokeTeba-garemomcveli masivi” sistemisaTvis mocemulia Semdegi
sasazRvro pirobebi (nax.5.1):
 vertikaluri waxnagebisaTvis -
 qveda waxnagisaTvis – Us = 0; Un = 0;
 ferdis zedapirisaTvis -
 zeda waxnagze gaiTvaliswineba masivis zeda nawilis
sakuTari wona. aq, - mxebi, normaluri Zabvebi da
gadaadgilebebia Sesabamisad.
LXXXI
Tunnel Lining
Grout Curtain
Rx
Hx
saeqspluatacio datvirTvebis saxiT gaiTvaliswineboda:
- sawyisi Zabvebi masivSi;
- hidrostatikuri  wneva mosaxvis zedapirze,
;)1( 2 hqx   (5.1)
- gvirabidan ganviTarebuli filtraciuli wnevebi masivSi,
romelic ganisazRvreba formulebiT:
)]1([2
2
ny
hPy
x
hPx






(5.2)
nax. 5.1 “mokeTeba-masivi” sistemis saangariSo sqema
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sasazRvro elementebis meTodis gaangariSebaTa seriebiს
Catarebis dros Zvris zedapirze mdgradobis Sefaseba swarmoebda
integraluri maragis koeficientebiT, Zvraze simtkicis maragis
lokaluri koeficientebis gaTvaliswinebiT:


 n
i inK 1
1  , (5.3)
sadac: n - Zvris ubnis lokaluri areebis raodenobaa, romelTa
farglebSic i SesaZlebelia CaiTvalos mudmivad. i Zvraze
simtkicis maragis lokaluri koeficientia, romelic
ganisazRvreba formuliT:

 iiii ctg  , aq i , da  -
Zvris sibrtyeze normaluri da mxebi Zabvebia; ii c, - grunti
Siga xaxunis kuTxe da SeWidulebaa lokalur areebSi.
Tu 1i , maSin lokalur areebSi Zvraze simtkice
uzrunvelyofilia, xolo, roca 1i , maSin Zvraze simtkice
darRveulia.
ganxiluli iqna 2 saangariSo varianti: a) izotropuli masivis da
b) anizotropuli masivi Sreebis ferdis paraleluri
mimarTulebiT orientirebisas. am dros deformaciis modulebis
fardoba Sreebis grZivad da ganivad Seadgenda =1.6.
gaangariSebis SedegebiT miRebuli iqna, rom:
 izotropuli masivis SemTxvevaSi, rodesac gvirabidan
RerZamde daSoreba Seadgenda
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- Rx=30м, rRvevis zonam gvirabis Tavze miaRwia 6.3 m-mde
(nax. 5.2). am dros gamWimavi Zabvebis zonam gvirabis TaRis
zonaSi miaRwia 7 m-mde;
- Rx=25м, masivSi myardeba zRvruli mdgomareoba. am dros
adgili aqvs masivis mTlian rRvevas.
 anizotropuli masivis SemTxvevaSi maragis koeficientebi
Zvraze Semcirda 25%-iT (nax. 5.3).
Zvris potenciurad yvelaze saSiSi zedapiris  integraluri
maragis koeficientma cementaciis ar arsebobisas Seadgina K=1.21,
rac aradamayofilebelia. cementaciuri fardis mowyobis Sedegad
Zvris potenciurad saSiSi zedapiris. mdgradobis maragis
koeficientma miaRwia K= 4.8-s, rac maRali maragiT akmayofilebs
mdgradobis pirobas.
masivSi ganviTarebuli filtracia gvirabis garSemo qmnis
depresiis zedapirs, romlis farglebSi adgili aqvs kldovani
gruntis Setivtivebas, amasTan dakavSirebiT gvirabis
koncentraciis zonebSi Zabvebis gadanawilebas da agreTve
masalis Zvris maxasiaTeblebis gauaresebas. aRniSnuli procesebi
miT ufro mniSvnelovania, im SemTxvevaSi, rodesac ferdSi
arsebobs xeobis mimarTulebiT orientirebuli dacurebis
sibrtye. filtraciuli procesebi am mxriv mniSvnelovnad
reagirebs ferdis mdgradobis maragebze gauaresebis
mimarTulebiT.
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Zone of Fracture
nax. 5.2 ferdis siaxloes gamavali sadawneo gvirabebis
mdgradobis maragis koeficientebis izoxazebi.
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nax. 5.3 mdgradobis maragis koeficientebis grafiki, izotropiisa
da anizotropiis dros, gvirabis RerZidan ferdamde daSorebis
mixedviT.
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5.2 xeobis ferdis mdgradobis analizi
potenciurad saSiS zedapirebze.
xsenebul sakiTxs mniSvnelovnad gansazRvravs gvirabis mokeTebis
Siga zedapirze moqmedi hidrostatikuri wnevis sidide, ferdis
geologiuri aRnagoba (anzotropia, sxvadasxva Sreobrioba) da
gvirabis garemomcveli cementaciuri zona.
eqspluataciis periodSi zogadad adgili aqvs cementaciuri
zonis efeqturobis vardnas, romlis mizezebi ukavSirdeba
masivSi bzarebis gaxsnas, aseve gamotutvis da sufoziuri
procesebis ganviTarebas.
aRniSnuli sakiTxebi aqtualuria engurhesis gvirabisaTvis, sadac
calkeul ubnebSi, eqspluataciis periodSi moxda filtraciuli
danakargvebis zrda. xsenebuli sakiTxebi mniSvnelovania, erTis
mxriv energetikuli TvalsazrisiT, meores mxriv ki masivis
mdgradobis mxriv, miT ufro, rodesac ferdis Sreobrioba
dacurebis sibrtyis orientaciisaa.
engurhesis sadawneo gvirabis magaliTze qvemoT mocemulia
ferdis mdgradobaze gaangariSebis Sedegebi dacurebis
potenciurad saSiS zedapirebze (nax.5.2.1), masivisa da
cementaciuri zonis filtraciis koeficientTa fardobis
sxvadasxva mniSvnelobebisaTvis [1].
engurhesis sadawneo gvirabis trasa gadis sakmaod rTul
geologiur garemoSi. aRsaniSnavia, rom aq adgili aqvs qanebis
Sreobriobas, romelic masivs warmoadgens, rogorc
anizotropuls, romlis gamoxatuleba icvleba bzarianobis
mixedviT. anizotropiis koeficientis xasiaTdeba maRali
mniSvnelobiT 1.4_:_1.6. sacdeli eqsperimentuli kvlevebis
SedegebiT miRebuli iqna, rom gamagrebiTi cementaciiT
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Sedegadanizotropiis koeficientis dayvanili iqna minimumamde
1.04 [2].
“mokeTeba-masivi” sistemis gaangariSebebi Catarebuli iqna masivis
sawyisi daZabuli mdgomareobis, gvirabis zedapirze moqmedi
hidrostatikuri wnevis da filtraciuli moculobiTi Zalebis
(Semativtivebeli wnevis) zemoqmedebis gaTvaliswinebiT.
nax. 5.2.1 “gvirabi – masivi” sistemis saangariSo sqema.
Zvris potenciurad
saSiSi zedapirebi
Ex
Ey
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Zvrze mdgradobis Sefaseba Catarebuli iqna efeqturi Zabvis
mixedviT:
(5.4)
sadac, - normaluri Zabvaa Zvris zedapirze; – filtraciuli
wnevaa, , - xaxunis koeficienti da xvedriTi SeWidulebaa
Zvris zedapirze; - Zvris zedapiris farTia; - mxebi Zabvis
saangariSo mniSvnelobaa Zvris zedapirze. samSeneblo normebis
mixedviT I da II klasis obieqtebisaTvis Zvrze mdgradobis maragi
unda akmayofilebdes pirobas  > 1.25 [3].
filtraciuli moculobiTi Zalebis zemoqmedeba masivze
ganisazRvreba damokidebulebebiT:
(5.5)
sadac, - filtraciuli moculobiTi Zalebis mdgenelebia
RerZebis mimarT; – ukuwnevis efeqturi farTis koeficientia;
– masalis forianobaa; , – wnevis gradientebia RerZebis
mimarT.
rogorc gaangariSebis Sedegebi gviCvenebs xeobis ferdSi
maqsimaluri mxebi Zabvebi garkveulad mihyveba dacurebis
potenciurad saSiS zedapirebs (nax.5.2.2).
dacurebis potenciurad saSiS zedapirebze Zabvebis ganawilebis
epiurebis (nax. 5.2.3 - 5.2.9) analizi aCvenebs, rom fardobis
zrdisas mcirdeba filtraciis areSi efeqturi normaluri da
mxebi Zabvebi, mcirdeba damWeri Zalebi da Sesabamisad Zvraze
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mdgradobis maragebi. rodesac fardobaaRwevs maragi
uaxlovdeba kritikul mniSvnelobas (nax. 5.2.10).
nax.5.2.2. maqsimaluri mxebi Zabvebis ganawileba masivSi depresiis
zedapiris arsebobis gaTvaliswinebiT, roca .
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nax.5.2.3 maqsimaluri mTavari Zabvebis ganawileba masivSi.
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nax.5.2.4 maqsimaluri mTavari efeqturi Zabvebis ganawileba
masivSi depresiis zedapiris arsebobis gaTvaliswinebiT, roca
.
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nax.5.2.5 minimaluri mTavari Zabvebis ganawileba masivSi.
XCIII
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nax.5.2.6 minimaluri mTavari efeqturi Zabvebis ganawileba
masivSi depresiis zedapiris arsebobis gaTvaliswinebiT, roca
.
XCIV
nax.5.2.7 normaluri da mxebi Zabvebis ganawileba
potenciurad saSiS zedapirze, roca ( =350).
Alfa = 350
XCV
nax.5.2.8 normaluri da mxebi Zabvebis ganawileba
potenciurad saSiS zedapirze, roca ( =250).
XCVI
nax.3 normaluri da mxebiს Zabvebis ganawileba
potenciurad saSiS zedapirze, roca  =150 ;  =250.
nax.5.2.9 normaluri da mxebi Zabvebis ganawileba
potenciurad saSiS zedapirze, roca ( =150).
XCVII
nax.5.2.10 mdgradobis maragebis damokidebuleba
fardobaze, roca  =250.
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d a s k v n a:
 sasazRvro elementebis meTodis gamoyenebiT damuSavebuli
iqna meTodika da saangariSo programa 2 ganzomilebiani
amocanebis statikuri gaangariSebebisaTvis. sasruli
elementebis meTodTan SedarebiT sasazRvro elementebis
meTodi xasiaTdeba saangariSo sqemis mniSvnelovani
simartiviT, (rac karg safuZvels qmnis iteraciuli
kvlevebis Catarebisas dros) da saSualebas iZleva:
- “mokeTeba-garemomcveli masivi” sistemis kvlevis dros
gvirabis centris koordinatebis martivi cvlilebiT
gardaiqmnas xsenebuli sistema ise, rom ucvleli darCes
garemomcveli konturis sasazRvro elementebiT
aproqcimacia da miRweuli iqnas gvirabis trasis varireba;
- dasabuTebuli iqnas ferdis siaxloes myofi gvirabis
trasis saproeqto varianti, aseve Sefasebuli iqnas
eqspluataciis periodSi xsenebuli sistemis muSaoba
(masivis filtraciuli da statikuri simtkicis, agreTve
mdgradobis pirobebis mixedviT) - xeobis topografiuli da
geologiuri pirobebis, garemomcveli cementaciuri zonis,
agreTve masivSi ganviTarebuli Tanamdevi filtraciuli
reJimis gaTvaliswinebiT.
 engurhesis sadawneo gvirabis araarmirebuli mokeTeba,
saproeqto gadawyvetis Sesabamisad, warmoadgens wyalJonvad
konstruqcias, sadac Sida wnevis moqmedebisas, Cndeba
bzarebi limitirebuli parametrebiT. amdenad, gamagrebiTi
cementacia, rogorc filtraciis sawinaaRmdego ZiriTad
saSualebis efeqturobas gansazRvravs ZiriTadi masivisa da
cementaciuri zonis filtraciis koeficientTa fardoba,
XCIX
romelis misaRebi mniSvnelobaa - 10m gzK K  . am dros
depresiis zedapiri mTlianad TavsTeba cementaciuri zonis
farglebSi (saproeqto gadawyveta).
 miRebuli iqna, rom fardobis  zrdisas, rasac Tan
axlavs depresiis zedapiris gabaritebis Semcireba,
mdgradobis maragebi izrdeba. rodesac aRniSnuli fardoba
aRwevs maCvenebels , maragi uaxlovdeba kritikul
mniSvnelobas, xolo fardoba misaRebia, romlis
dros kmayofildeba mdgradobis pirobebi.
 Sefasebuli iqna cementaciuri zonis amJamindeli
mdgomareoba. mSeneblobis dros cementaciis dabali
xarisxis arsebobis, an eqspluataciis periodSi sufoziuri
procesis ganviTarebisas, rodesac 10m GZK K  depresiis
zedapiri gadis cementaciuri zonidan, xolo, fardoba
2,5m GZK K  warmoadgens depresiis zedapiiris kritikul
mniSvnelobas, romlis dros adgili aqvs xeobis ferdis
dasvelebas. am dros filtraciuli xarji saproeqtosTan
SedarebiT izrdeba 2.5-jer.
 cementaciuri zonis farglebSi filtraciuli gradientebi
akmayofileben filtraciuli simtkicis pirobas, Tumca araa
gamoricxuli moxdes Sreebs Soris bzarebis gaxsna da
sufoziuri procesebis ganviTareba, rac gvirabis
reabilitaciis sakiTxs ufro aqtualurs xdis.
 wyalJonvadi mokeTebis arsebobis pirobebSi, masivSi
ganviTarebuli filtraciuli Zalebis zemoqmedebiT,
mniSvnelovnad icvleba xeobis ferdis daZabuli
mdgomareoba. Sesabamisad, dacurebis potenciurad saSiS
Czedapirebze mdgradobis maragebis SefasebisaTvis saWiroa
gaTvaliswinebuli iqnas filtraciuli moculobiTi Zalebi.
 garemomcveli zonis cementacia warmoadgens mZlavr
sainJinro saSualebas, romlis gamoyenebiT SesaZlebelia
moxdes, rogorc filtraciuli danakargebis Semcireba,
aseve potenciurad saSiS zedapirebze mdgradobis maragebis
gazrda, rac saWiroa gaTvaliswinebuli iqnas proeqtirebis
dros.
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